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STRATEGY PROMPTING AMD SEQUENCE EFFECT 
on CONCEPT ACQUISITION 

Robert D. Tennyson and Michael Steve 
Florida State University 

Abstract 

Instructional task variables prompting and sequencing were 
studied as an extension of a defined concept acquisition paradigi:^, 
The independent variable of prompting consisted of two components; a 
procedure for focusing the subject^s attantion on the critical attri- 
butes of the given concept, and a presentation of the strategy used to 
determine classification of the exanples. Sequencing of instances 
involved an organized presentation based upon the relationship of the 
stimulus attributes. Subjects, college students, were presented a 
science concept task. The data analysis sho^^^ed that che prompting 
* procedure was significantly different from a no-prompting condition 
> ,05). Concluded was the notion that prompting seemed to negate 
the affact of the defined concept instructional sequence. 
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STRATEGY PSOMPTIflG AHD Sl^QUErlCE EFFECT 
ON CONCEPT ACqUISITIOM 

Robert D. Tennyson^ and ilichael Scove 
Florida State University 

Facilitation of concept learning rias been deranstrated in a 
series of studies (Tennyson* Vioolley* u Merrill* 1972; Tennyson, 1973i 
Tennyson, ilerrill. Young, St Lov;, 1974) by use of an instructional 
paradigm vjhich sequences positive and negative instances by defined 
relationships of attributes and instanca difficulty. The basic prennise 
of tile paradigm was that acquisition of a given concept can be optimized 
by the appropriate manipulation of task variables, These variables 
included: (a) the display characteristics of the instances, i*e*, bio 
instances are matched when their irrelevant attributes are as sinilar 
as possible and divergent when their irrelevant attributes are as differ- 
ent as possible; (b) relative difficulty of the instances; and (c) addi- 
tional information given to facilitate attention to relevant aspects of 
an instance, The objective of the concept instructional paradigm v/as to 
insure correct classification behavior (all instances correctly identified) 
v;hi'fe preventing tlie errors of overgeneralization (negative instances 
similar to class meirbers identified as positive), undergeneral ization 
(positive instances identified as negative), and misconception (instances 
sharing a comnon irrelevant attribute(s) identified as class members) 
(Narkle It Tiemann, 1969). 

Th9 purpose of this study was to extend the concept acquisition 
mde] by investigating the task variables of prompting and sequ&ncing. 
Specifically, the prompting stir:\ili v/ould be used to identify not only 
the critical attributes of a given positive instance, but also as a 
strategy for recognizing those attributes. The strategy procedure v/ou'ld: 
(a) focus the learner'*; attention to the critical attributes by deran- 
strating the divergant relationship between two examples; and (b) 
describe the method used to determine a given example classification. 
The hypotiiesis was that strategy prompting that identifies critical 
differences between instances would significantly increase the effective- 
nass of the concept acquisition paridigi, 

Tfie second task variable, not previously investigated in tie 
concept acquisition research, but of concern in instruction design, is 
sequence of instances. An assuii^ptfon of tlie concept ^^[Odel is that tv/o 
exaiKples should be siFnul taneously contrasted to focus oi^ the divergency 
of their irrelevant attributes, and that the nonexamples matched to the 
examples should be likewise presented simultaneously. To study this 
sequence variable, a sc^cond hypothesis was thrit th3 organi;:ed presentation 
of instances v;ould result in a significantly higher classification score 
than a randon sequence of the same instances. 
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I'^thod 

Su bjacts and dasign . Students (total 155) enrolled in the core 
course on' foLindatlons of education at Bucknsll Uni versi ty viera usad as 
subjects. Parti ci pa*'.! on in the experiment was used to fulfill a course 
requi rarent, A posttes t-only factorial design^ vnth one main effect 
being the three conditions of prompting and the second, the two levels 
of sequencing, was used in this experiment (Campbell a Stanley^ 1963). 

Learning task > The Instructional objective for the experimental 
task required the subjects to perform classification behavior by identifying 
previously unencountered instances of RXg crystals. This science concept 
was selected because it is similar to the type of classroom subjects 
taught in undergraduate chemistry curriculum, thus generalizabil ity to 
other subject matters would facilitate applicability. Six self-Instruc- 
tional learning tasks usre designed each using the same general format 
presentation 5 i.e.j an Introduction to the concept of crystals and the 
task requiraf^Tsnts , presentation ot the RXj crystal definition, additional 
information on crystal identification, the presentation of trie instances, 
and the posttest on crystal identification. The definition (critical 
attributes) of RX^ crystals focused the subject's attention to the basic, 
repeating, tvo-to-one ratio in crystal structure of the RX^ crystal. 
Each page of the learning task consisted of tto crystal pictures taken 
from Crysta l Str u ctures Wckoff, 1958). Reproductions of the pictures 
were made froin photo copies that provided shaded crystals. Crystals were 
shaded so that depth perception v^ould not confound identification. 

t!ode of presentation consisted of an inquisitory form which 
required subjects to identify an instance ar either an example or nonaxappls. 
In each program, after the subject's response, the instances v/ere displayed 
for a second time, but with the appropriate prompting treatment. Instances 
vfere grouped into quads according to the relationship of the stin^ulus 
attributes. The t//o examples per quad v^ere selected by the divergency of 
their defined connon irrelevant attribute(s} , e.g., the dimension of 
symnetryj the dimension of ratio recognition (whether atoms were hori- 
zontal or vertical), the size and/or color of the atoinSi the number of 
the atom structure, and the process of subdividing the crystal structure 
to obtain the underlying pattern. And, for each example in the quad, a 
nonexample v/as matched to it by the similarity of their respective 
irrelevant attributes. This followed the concept paradigm presented in 
the previous Tennyson studies (Tennyson et aKj 1972; Tennyson, 1973)- 
The tv/o sequence variables, organized and randomized, used a range of 
instance difficulty obtained from a former empirical data analysis 
(Tennyson & Goutwell, 1973). In the organized sequence the crystal quads 
consisted of an example follov/ed by a nonexarnple per page, with the quads 
progressing from easy to hard. Hnile tlie randomized instance:^ were 
presented in such a way as to have an example and a nonaxanple on each 
page, i.e.j the quads* then > contained two examples and tv;o nonexamples , but 
withoijt the defined rslationship. Tj[^ leaming task consisted of four 
quads for a total of eight examples and eight nonexamlas . 
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The prompting variable consistod of additional infon.iation pre- 
sented to ths subjects follawirifj tliair responses to th^ unlabel-id instances. 
The first consisted of a prompting technique that focusad on the unU)U3niSi 
of Che critical attributes to that particular Gxample, This was the sa<iie 
procedure followed in nOrG traditional fornis of prompting. However, tlie 
second prcfnpting condition provided, in addition to tha above proirpting, a 
strategy on how to identify critical attributes by using information related 
to lower order attributes. These prerequisite attributes were the san^£ 
as used by the experinienters to pair rlivergently the quad exa.iioles, 
■ lonexamplei were proir.pt:.^d with infornution oxplainiiHJ th^; absence of the 
cri ti cal' attribute(s} J and what type of procedures to use in recognizing 
that situation, A third condition, r\o-prompting, simply identified the 
instances as positive or negative. 

The posttest was constructed to evaluate classification behavior, 
i\e,j subjects responded to previously unencoun tered instanca-i. Thirty 
instances, 15 examples j were selected froti the same item pool as used to 
construct the programs.. They ifiet the criteriqn of selection based on 
their crTtical and" i rrelevant attributesj i,e,, exarnplas and nonexat^^ples 
had a full compl e.Ten t of irrelevant attribute values, ^:nd nonexamples 
were lacking different critical attributes^ this generally iTieant that 
the atoms were in different ratios because the ratio was the nain critical 
attribute , 

Procedures , Several experimental sessions were established to 
accom™dfito subject tiri;e schedules. The learning t^sks v/ere randomized 
prior to the sessions and assigned to subjects after the period began, 
SubjactSj seated in alternate desks in a large cliissroomj were gfvan the 
tas!;s, and r^ad the directions silently while the experimenter ^^ad aloud. 
Once the subject began, no questions concerning the task were answered oy 
the experirenter. Directions required the subjects to identify the four 
crystals per ouad and mark their responses on the answer sheet. Following 
the responses per quad they proceeded to the next two pages to receive 
the given answers. Subjects continued through the sal f-i nstructional taste 
until the final quad, at that point thay v;ere directed to either return 
for Further study or to begin the posttest. The test was in a separate 
booklet with answer Gheet and was given when requested by the subject. 

Resul ts 

The dependent responses were analysed according to errors on 
three scoring patterns: correct class if icat ion > ovargeneral ization > and 
und8rf!enerali?,ation, TJie first patteroj correct classification, repre- 
sented the subjects' {errors in identifying instances. Scoring patterns 
for the t.vo classification errors were designed suo^ that any response 
of a non^xample as an exoniple \jas considered an ove rgen^ral ization error 
and feilur^ "to identify any example was an underrj^neral izat ion error. 
A separate t:;o-way analysis of vari.ince w^is used for each classification 
error, C^e t-;ain effect was th^ t;jo levels of seqaencing--or3anizad -ind 
random, LIhile the throe Torms of pronpting, full (provipf:i ng >tratiqy) , 
partial, and no-prompting j was the second. Table 1 presents the means 
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TA3LE 1 



liSan Error Scores for Correct 
Classification and Oyerganeralization 



Sequence 



FuU 



Prompting 
Partial 



Organized 




11.2 

4.2 
7,0 



12.3 
5.1 
7.2 



Randofn 



11.4 
3.8 
7.6 



10.9 
4.0 

. 6,9 



13.1 

5,9 
7.2 



a 



The first rovjs are the correct classification error means. 
The second rows are the ovsrganeralization error means, 
^The third rms ar^ the undarganeralization error rneans. 



for the correct classi fi ca tion » overgsneral izati on and undergengralization 
error scores, Tiia analysis of variance test for the undergeneral ization 
dependent variable resulted in nonsi gni fi canco {p > ,05) for both ii^aln 
effects and interaction, v/ith statistical power T-^^^-ct size of ,30) at 
•65. In the other two classification behaviors, correct classification 
and overgeneral ization > the main effact of seriuencing and interaction 
were also nonsigniffcant at the ^05 level. 

The independent variable of prompting jas investigated at thre?^ 
levels representing a no-prompting condition in whicn instances were just 
labeled as example or nonexa^nple, a partial prompting treatoient similar to 
previous methods used in the verbal information level of behavior in which 
matherrtaganic material was used to help the learner re^nember the stiirulus by 
acquiring information For cues during the criterion measure while the 
di ff3renc3 here was to focus the subjects' attention on the critical 
attributes In each exaiiple present^5d or the absence oF such in the ncn- 
examples, and a third condition vjhich did tha above plus provided tha 
subject with a strategy procedure for detemining the critical attributes, 
Re5'.i)ts of the correct classification analysis siiowed that there was a 
significant difference on this variable { if ^ i\AZ, d f - p < .025}. 

The difference between means showed the two promotinj condi tions being 
nonsi cn i Ficant (p > .05), wiiUe the no-pror^nting error frean was signifi- 
cantly high^^r thdn the other t\jo {p < ,05). Lilcewise> on the over- 
generalization analysis the V test was sfcjnificant at ,01 (F ^7.92) > 
vjith the :^aTe mean relati onsh^i p as tht^ correct classification. 
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Th3 independent variable of prompting was invastigated at throe 
levels representing a no-prompting condition iti whicli instances vferc; jjjst 
labeled as example or non<*xanp];3, a partial prompting traatinent similar to 
previous in.athods used in the verbal infonnation level of behavior in wliic'n 
nathemagenic material was used to help the learner reirssriber tiie stimulus by 
acquiring information for cues during the criterion treasure while the 
difference hare uas to focus the subjects' attention on the critical 
attributes in each example presented or the absence of such in the non- 
Gxaniples, and a third condition whicli did the above plus provided the 
subject v/ith a strategy procedure for J'?termininrj tie critical attributes, 
Results of the correct classification analysis siiowed that there v/as a 
signi ficant di fference on this variable (F ^ 4, 12, df^ = 2/149» tj_ < ,025) , 
The difference between raans shov;ed the th prompting conditions baing 
nonsignificant (£ > ,05), while the no-prompting error mean was signifi- 
cantly higher than the other V/io (p_ < .05}. Likewise, on the over- 
generalization analysis the ^ test was significant at .01 (F=7,92), 
with the sarne mean relationship as the correct classification. 

Di scussion 

In previously reported researcli on the concept acquisition para- 
digfi the variables of prompting and sequencing were not investigated 
(Tennyson et al, > 1972 ; Tennyson, 1373). Also, ClarkS review 
(1971) showed that the prorrpting variable has not been studied 
in terms of isolating the critical attributes during the instructional 
period for help in focusing the learner's attention to the defined 
attributes. The purpose here was to present the instances in an inquisi- 
tory noda (previously only the expository nethod vjas used), and then 
explain why a given instance was cither an exairple, because it had the 
critical attributes, or a nonexanipla, because it failed the conditions 
defined for class membership. An additional variable to reduce error 
in the acquisition of a concept, the prompting materials v/ere supplemented 
\/ith a verbal dascription of the strategy used to determine if that given 
instance was positive. However, this further information did not result 
in a significant decrease in errors over the former prompting condition. 
The directions introducing the three treatment conditions v/ere the sonre, 
thus, the subjects in the Urategy prornpting program v/ere not informed 
on the purpose or use of the additional information. Given directions on 
the purpose of the strategy could result in a useful tool for learning a 
skill in identifying new e)^ample5. The prompting conditions did show that 
d meaningful addition to the cnncept acquisition par^idij^jf.i is tha prompting 
of instances by specific attributes. 

Sequencing of instances according to the organized method of two 
divergent examples matched to t/o nonexamplas was less effective as a 
variable, and the test with a rcincfom condition seeded to be na'^jated by the 
prompting variable. The purpose of the organised s^'^i: of instances was to 
provide the subject with T;iatCfnng nonexamples to direct attention to the 
critical attributes of the examples, And, in the expository mode the 
subject 'jould know the positive and negative, vjhile in thet inquisitory 
i^ode the subject nad to select the identity before knowledge of results v/as 
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given. Therefore, U soems that the prompting variable suppUniented the 
need to present the organized sequence because tlie necessary condition of 
dra-.^ing attention to the critical attHbutas vjas given by the instruction. 

Extensions of this study should Investigate the effect of an 
interactive paradigm of prompting and sequence. That is, in a given set 
of instances the prompting v/ould point out the matcliedness or divergency 
by direct comparisons. From the results of this study and previous 
researcni this v/ould seem to have a positive effect on acquisition. 
Latency should also be included as a dependent variable to determine 
the time required to leann a given concept, and the tinne required to 
perform on tlie evaluation process* Such an Interactive variable should 
result in a procedure for organization over a random presentation. How- 
ever, with more research on the differing tasks it might be that seqaenca 
is a function of content, necessitating research on task classification 
variables, and their interaction with instructional dssign characteristics. 
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Footnota 

^Reprints tnay be requested from Robert D. Tennyson > Computer 
Applications Laboratory, Florida State University 32306. 
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ATTRI3UTE PROMPTItlG AMD TASK SEQUENCS 
III E^FICIENT COriCEPT ACQUISITIO;! 

Abstract 

Investigated was the prefnfse that efficient concept learning 
vrould result from a task designed to use the variabl3s of proi:ipting 
?.nd sequance. The prompting variable consisted of isolating Instance 
attributes as one treatment and no prompting as a second. The sequence 
variable tested an organized order of Instances versus a random order. 
Undergraduate psychology students were measured according to per- 
formance responses and latencies for the task and tests. The findings 
indicated that the prompted/organized treatment resulted in less tire 
to complete the task {^^ < .01), and fewer errors and less time on the 
posttest (p^ < ,01) than the three other treatnr^ents. 
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ATTRIUUTG PROMPTIfJC AND TASK S£qU£NCE 
lU fFFICIErlT COJCEPT ACQUISITIOJ 

This study invastigat^id the premiss tliat instructional design 
prciCi^dures result in increased learner effectiveness and efficiancy'. 
Recent studios {Tennyson, UoollGy, &[ierrill, 1972; Tannyson, 1973) 
Investigated variables and conditions t^iat have a direct appJicatlon 
to the design of concept teaching. Tha instructional strategy 
{Tei^nyson* 1973) for concept acquisition consisted of presenting 
exemplars and non^xsmplars to the learner in such a '.:ay that t;ia 
critical attributes were clearly contrasted with the irrelevant 
attributes. The purposa of this study v/as to extend the Tannyson 
paradigm for concept instructional design by investigating the variables 
of attribute prompting (e>;planator7 information indicating the critical 
attributes for each exemplar or tiie absence of critical attributes for 
each nonexamplar) » and task sequence {display order of the exeftiplars 
and nonexsmplars). The two niain effects were cross-id to form four 
treatinents; (a) organized sequence vnth prorating* (b) orcj^^iiizad with 
no pronpting, (c) randoni with prompting, and (d) random v/ith no prompting, 
Computer-aicied Instruction procedures uer^ used to ni£;asure subject 
latency on the learning and performance tasks* 

Method 

Subjects a nd desi gn . Subjects 'jera undergraduate students from 
the general psycTiolngy subject pool at florida State Uni v;?rs ity , who uera 
required to participate for course credit. Students were given the 
choice of selecting experiments from all avail,oble in the Dapartnent of 
Psychology. The e-Terifrental design was a 2 x 2 pretest/posttost design 
(Campbell S Stanley, 1963)5 in v/hich the main effects were sequence and 
prompting- Dependent variables were error scores and latencies within 
the task and on the tests. 

Le arning task , A poetry task, modified from the Tennyson, l-loolley, 
and ilerrTTl U972) study, v/as adapted for use on a computer teletype 
Instruction system. The definition of trochaic meter (critical attributes) 
used in that previous study was given here for all four groups- Tha tv/o 
organized treatment conditions received a series of four sets of instances 
composed of two divergent examples matched to tv;o nonsxarrples , Tlie 
prompting treatment Included a statement which Identified the initial 
attributes of the given concept and v/hy they were relevant. For the 
nonexamplos, the absence of the critical attributes v/as noted and explained- 
The two random tasks were developed by randomizing the Instances from the 
organized sequence. 

Appara tus . Tha learning tasks were presented by a Digital 
Eriuipcrent Corporation PDP/8 680 Coin^iunication System v/hich is interfaced 
to an IBM 1500 Instructional Systen, This system supports 15 talfitypes, 
of v/h1ch a naxinum of t^n v/ere used during any one session of this study. 
TUa tcirnin:n s w^rn located in an ai r-condi ti in?'J -soiind-deaden^ri roOiH. 
Tlie coirptjter-assisted instruction system administGn^d u^B learning tisk 
and recorded the students' responses and latencies. 
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Procedure . An experirantal session consistGcl of genertil directions 
read by the Gxperimenter > n pretest teken on the talatype, a pras^ntat-ion 
of the definition in a printed booklet* followad by tiie ti^dtment* and a 
posttest all token on the teletype except for tha definition, Sujj^cts, 
ten at a time* were seated in the experimental rooin in front of a tele- 
type. General directions v/ere read by the experirDenter* v/ho then turned 
on the terminal and entered the subjects' nuniber. Directions on the 
operation of the teletype and tlie program were given by the computer 
end in the booklet. After these brief directions* tfte subjects were 
given the pretest on the terminal. Subjects were required to identify 
examples of trochaic poetry by typing "Yes*'* and '*iNo*'* if a nonexanple. 
Following the pretest* subjects were asked if they had ever studied 
trochaic meter. Subjects were then instructed to read the definition 
of trochaic meter contained in the booklet. The booklet allowed the 
subjects to keep the definition for reference throughout the task. 
Uhen the subjects had studied the definition* they proceeded to the task- 
Subjects in the prompted groups \7ere given the poetry selections followed 
by the prompting. In the nonprompted conditions* the selections vjere 
labeled as examples or nonexamples. 

At the conclusion of the task subjects raised their hand to 
indicate they had finished the program and vjere ready for the posttest. 
The program vjas nonspeeded so the subject could study at any point in 
the task, Uhen the subject was ready for the test* the experimenter 
removed the task paper from the teletype* collected the definition, and 
entered the appropriate coomand to start the posttest. The posttest Mas 
designed using the same fomat as used in the previous study by Tennyson 
(1973)* except there was no misconception error. At the conclusion of 
the test the subject's score vras given by the computer and the subject 
was allowed to leave. 

Results 

This study used the same scoring procedures as the previous 
experiirents (Tennyson et al,* 1972; Tennyson* 1973) in obtaining the 
error rrean dependent variables of correct classification, overgeneral f - 
zation* and undergeneral ization {Table 1). Each of the four treatments 
was hypothesized to result in a particular learning behavior. Given 
additional instructional information* subjects would show a tendency to 
be conservative in identifying Instances as positive; therefore* the 
groups without prompting (OrganizedAlo Prompts and Uandom/iio Prosipts) 
would overgenaral i The sequence effect would affect the degree of 
classification behavior, in that the random groups (Random/Prompts and 
Random/ilo Prompts) would have a tendency to overgsneral ize. Latency 
data* as a dependent variable* was collected on the pretest* the learning 
task, and the posttest. Because of the interdependence of the dependant 
variables* a multivariate analysis of covariancQ v;a5 us^d as the statisti- 
cal desicjn. Trie tvjo covariates used in the analysis were sex and prior 
knowledge of trochaic (^ater. 
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TABLE 1 

Hypothasized Error P^asponses and ti^san Error Scores 



Behavioral Tr^atfiient Groups 



Outcomes OP O.JP RP R>IP" 



Correct . 

Classification 5.4 7.1 6.8 9.3 

0^ 7 6 7 

Overgeneralization 8.3 7,0 8,4 5.3 

6 3 13 0 

UndergeneralUatior 8,3 9-2 7>2 UA 

6 13 0 13 



fIote.--The tr*atment groups are reprssented by capital letters: 
OP - Organii3d/Prompted; OflP - Organized/;iot Pronpted; RP = Randon/ 
Prompted; and fl'lf = Random/Hot Prompted. 

^First rows are the adjusted mean scores. 
^Second roWi are the predicted error scores- 



The fi -st series of muUivariate hypothesis tests blockad on the 
t'io main effects* sequence and prompting. The sequence variable showed 
a significant difference between the organized and random groups (U > .78* 
df = 9/1/81, p < .05), The second independent variable, prompting^ 
resulted in a *s i gni fi can t difference (U > .80, jd < .01) between the tvjo 
conditions. To determine inhere the differences occurred, a series of 
univariate hypotheses on each of the dependent variables v/as perforined. 
The data analyses are reported in t;;o sections; the learning task error 
scores and the latency measures. Interactions appropriate to the design 
vjere tested, but none were significant > >05), 

Learning task . The first univariate test on the pretest, consisting 
of 16 items given to all subjects* showed no significant difference 
bet;7een the four groups {□ > .05). The pretest error neans indicated 
minimal prior knowledge of the trochaic meter concept used in the task. 
Using the correct classification scoring scheire* the four groups did 
perforn significantly different (f_ = ZJQ, dj =- 3/81, p_ < .0?), A 
&jncan*Li no;^) rnuUiple range test was used to d.'^tcrmine differences anong 
the groups, The organized/prompted (OP) group had an error njean score 
significantly different from the Organized/'lot Prorated (OMP) group 
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{p_ < ,05) > and the Random/zlot Prcmptsd (RTJP) group (p < ,01); there was 
no difr^renco vnth the Rein ctojn/P romp tod [;^P) fjroup (p '> .03) {Tabla 1), 
The other statistically significant coMparison v/as bstjeen tha two 
random sequence groups, vMth kP having tiie lovjer error mean score 
(p^ < ,05), There was a d^ffarence between the tv/o not profiiptad groups 
at the ,07 level . 

The univariate analysis on the overgeneralization dependent 
variable resulted in a significant F tes^t {F= 3,09, i) < ,0b), Duncan's 
test showed the WIP group as havingthe lowest signiffcant error score 
Cp < .05), except for the no difference with tha O^P group > ,05) 
(Table 1), There were no other significant differences between the 
groups > ,05). On the undergeneral ization univariate test (F - 2,92, 
g_ < ,05), the RP group using Duncan's test, had a significantly^lov^er 
score than the RilP group (£ < ,05), TJiere were no other differences 
> .OM, 

Late ncies . Three latency times were collected to deterfnine 
instructional efficiency of the four treatrnents. The pretest latency 
univariate test v/as iionsigni ficant (p^ > ,05), that is, all four groups 
took approximately four minutes to finish the pretest (Table 2), Task 
latency refers to the total time spent in the learning program. The 
£ test for task latency resulted in a signi ftcan t di f ferencife (F_ = 2,94, 
£ < ,05) between the four groups, Duncan's test showed that the OP 
group spent less time on the task than groups RJP and Oi^P, The RP 

TABLE 2 

Experiirent VI I 
Adjusted Kean Latencies 



Treatment Groups 

Latencies 





OP 


ONP 


RP 


RiNP 


Pretest 


4,1 


4,2 


4.2 


5,1 


Task 


8,3 


10,3 


9,7 


10,8 


Posttest 


9,1 


13,1 


11,1 


13,1 



group differed from the OP group at the ,03 level. However, on the 
posttest latency, the UP group was significantly different {p < ,05) 
from the R? group (p_ < ,05), and the klP and 0:IP [jroups. The" RP 
group's time was significantly laver than the IMP ond OJP group's 
(£ < .05), 
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Discussion 

Tho systems approach to instruction proposes that laarn^r 
acquisition of knowledge is improved, as well as requiring Uss tine, 
than traditional forms of teaching. The purpose of this study was to 
investigate this premise while testing the variables of profiipting and 
task sequencing. Prompting of the examples and nonexamples was done to 
focu?, the learners* attention on tlie presence or absence of the critical 
attributes of the given coricept. Such prompting increased the amount of 
reading material given the "»ubjact during the instructional portion of 
the task. That is, the subjects irt the no prompting conditions received 
only the definition of trochaic nster and the instances. Thus, the 
Inquired reading length v/as more than doubled for tiie prompted groups. 

The results demonstrated that the prompting conditioHj according 
to the given operational definition, reduced subject time spent on the 
learning task. The sequence effect was noti noweveri a factor in subject 
latency on task. Subjects in the t\io prornpting conditions seemed to read 
the given material per Instance and continue through the program at a 
steady pace, while subjects in the no prompting condition spent more time 
per instance, VHthout the prompts the subjects were forced to apply the 
rule of trochaic meter to determine why a given instance was labeled 
positive or negative. 

Th9 posttest measures of performance and latency showed that the 
optimal treatment (organized/prompted) resulted in increased effectiveness 
and efficiency. Subjects in the prompted groups not only had fewer errors 
on the correct classification score, but finished the test in significantly 
less tifiie than the no prompted. This viould indicate that the leval of 
acquisition was also better because performance required significantly less 
time. The combined treatrrfint of organized/prompted demonstr^ated this 
assumption when the subjects* latencies were less than the random/prompted, 
even though their performance scores were the same. The effectiveness of 
the optimal treatment is shown in the overgenaralization and undergeneral i - 
zation scores which demonstrated that the subjects were not making these 
errors as the other subjects in the groups. 
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TilE lFFECTS of P:^IO^ ;!£;iORIZATIO:i J£Fi:iITia.l CO;iPuJE.ITS 

on co;icEPT acquis irio:i usi;^g an ef^xctive Tpj\iii[iiG pau^'^oigm 



Michael Steve and [Robert Tennyson 
Florida States University 



Abstract 



The effect on concept acquisition of >^quiring fneinorization 
of either examples or nonexaiiiples prior to going through a tneoreti- 
cally effective training program was comparad to the performance of 
groups v^ho ?3ither nemorized nothing or diejirarized kGy jords in the 
concept definitions. Correct classification scores, undergeneraliza- 
tion and overgeneralization error scores uere the primary dependant 
variables, U1th both a disjunctive and a conjunctive concept, no 
significant treatment differences were found witn tnese variables, 
The three prior-inemorization groups spent lass time to reach criterion 
in the training program) but took significantly more total instructional 
time tiian did the no-prior-inemorization group. 
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THE EFF;ICTS of prior :iE:iORIZATIOri OF DiFi:iITIO,) COiIPO;iE.iTS 

o:i co:jct:pT acquisition usi;ig ai effective TRAi:iifiG pawoig^i 

IHciiael rl, Stevii and ^^obart Tennyson 
Florida State University 



Learning a defined concept ultimately entails the capability to 
correctly classify instances as sxaitiplas or nonexanolss according to a 
dc^finition, Gagne (1370) classified learning from defined concepts cis 
a specific type of rule using. In his theory, the definition serves as. 
a rule statement which is used by the learner whila acquiring classifi- 
cations skills. When a student is al)le to correctly classify unfamiliar 
Instances according to tiie definition, his behavior is said to have 
become rule*governed. The capability to classify instances is usually 
preferred to the capability of recalling either subsets of examples and 
nonexamples or" the definition Itself. The objective of tiiis study was 
to assess the effects of nTemorization of examples or nonexamples or suo- 
concepts in the definition on classification bahavior \^h9n the ranxiriza- 
tion occurs prior to a training program tjhose goal v/ai to teach correct 
classi f i cation skil Is * 

Much of a student's day is devotad to learning defined concepts 
(Gagne, 1370', Carroll, 1964). The applicability of most concept identi- 
fication and formation researcn to this important type of concept learning 
has yet to be demonstrated. Instructional science researcn, however, .las 
demonstrated that variables dealing vnth the critical and the Irrelevant 
attributes of a concept can be important for the elicitation of correct 
classification behaviors in a teaching situation. Taiinyson, Joolley, 6 
Merrill (1972) and Tennyson {1973) demonstrated that displays of example^ 
and nonexamples which contrast the critical attributes with tne irrelevant 
attributes lead to fev/er overgensralization and undergeneralization errors, 
i'larkle and Tiemann have theoretically postulated (1969) and empirically 
deMnstrated (1072) that by presenting sets of examples and nonexamples 
which represent the full range of example and nonexample possibilities, 
undergeneral ization and overgeneralization errors can be minimized. 
Presentation of the concept definition along ".nth uie systematic assemblage 
of examples and nonexamples has provided additional increments of concept 
acquisition success {Merrill fi Tennyson , 1971; Feldman 5 Xlausfneier , 1973). 
The compatible nature of the instructional design variables researched 
abov9 suggests that an effective concapt teaching paradigm is available. 
Such a paradigm was used in this study, although its effectiveness was not 
tested. Instead, further instructional design radi fications were introduced 
and evaluated. 

Correct rul^? using behavior is not guaranteed by the memorization 
of rule stateT.ent5 alone (Gagne, 1970). Likewise, correct concept classifi- 
cation behavior is not guaranteed by the memorization of tiie concept 
difinifcion or of subsets of examples and nonexa^rples . ilojever, tais does 
not assume that prior i.^omorization of different definition corrfsonents could 
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not influence the v/ay in vrhicii loaraars clcissify unfaiailiar instances 
( rula-qovarned liehavior) or in tii3 aostraction of tiia <jefinit1on {tic; 
rule) that trie leamar has internalized, Handler and Pearlstone (lJo6) 
contrastod t\ve performances of tuo groups i;iios3 task was to impose a 
conceptual rule on a standard stinulus array, A froe group was asked to 
derive a categorization rule as it net instances; a constrained group \ja$ 
given an experinienter-establ ished rule before meeting any instances. Tiie 
findings v/ars ; 

"Given identical conceptual categories, the free S_s 
attain criterion much fasttar, and ii nearly half tlie 
cases they do so on the first trial; i.e., these subjects 
are inposing a conceptual rule on the stiinulijs array be- 
fore they have inspected al] the instances of the arr^c/." 
Lp. 130 J 

ilandler and Pearlstone hypotiiesiiied that the constrained subjects were 
also fomulating individual hypotheses and that the subjects used these 
as they net successive instances, HOr/ever, subjects had to discard most 
of these hypothesized rules as more instances became available- 
Results of the ilandler and Pearlstone (U5&) study suggest that 
tAB type of information which is presented and processed affects tna 
formation of the conceptual rule and subsequent classification behaviors, 
Tiius, tlie prior memori zatioi of different definition cornponeits could be 
expected to influence the internal organization of the rule> and this 
difference in organization could be reflected in botn in-task and posttask 
indices of classification behavior. Such a hypotiesis v^as tested in tiii 
study. The independent variables tvere tne type and amount of information 
required of students to n'^emorize prior to classification training and 
testing* 

ilethod 

Subjects 

A total of 93 subjects participated in this study. Data from 
bvo subjects were discarded because ons subject had to leave before 
finishing and a second subject responded indiscriminately on the posttest. 
Of the 91 remaining, data from 17 subjects v/as not analyzed because these 
subjects failed to reach criterion on one of the concepts. This left 74 
subj^icts from v/nom conplete data was collected. Of these 74 subjects* 
33 v/ere seventh graders, 41 were eiglith graders. Twenty-eight subjects 
were niales, 46 \iere females. 

Learni ptj Task 

The experiment consisted of three iJTain phases; (a) ix'fnori z^3tion 
of d'jfinition components, (b) tr^iining of correct classification behaviors, 
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and (c) toitinc) of correct classification Ijeiiaviors. llxcapt for the 
infornation ^ii3nx)ri2ed in th^ itii^roorization phases the exp^rir^ntal pr3S3n- 
tation ;kis clie saii-e For all students, Tiis instructional oijjsctivo of t.ia 
training pliase was: Given an unfamiliar instance^ tlv3 sujject will 
idsatify it as an exaiiipla or a nonexaMpla. In triG testing phasSj sujjscts 
vjere raquired to classify previously ua^ncouaterad instances. 

Tv/o concept definitio^is wer*e constrtjcted for tnis sxperirant. 
They appeared ia the follo'^Mng fornat throughout the experinent: 

1- A Skeethand Is a haad of five cards which: 

a. has no card appearing more tlian once 

b. has all cards lovjer than 10 

c. contains a 2, 5, and a 9 

2. A De^rf is a series of letters which lias eijtiiar^: 

a. no vowels 

b . no consonants 

c. one or more letters occurring tivice 

These concept definitions vjere chosen for a number of reasons. First, 
both definitions allowed for the construction of an infinite nuinber of 
instances. ;jo instances would appear i;jore than once. Second, the 
definition i^ould be new to all subjects. Tnird, each concept is 
governed by a different conceptual rule, i.e., Skeethand is a conjunctive 
conceptj while Oerf is a disjunctive concept. Use of tuo types of con- 
cepts should increase the general i^abi 1 i ty of results found. Four, a 
standard dictionary format was follov/ed for both concepts, Both defini- 
tions describe first the general class to which the concept belongs, and 
then go on to describe how the defined instances differed frofn other 
members in the ganeral class. This is known as definition by genus and 
difference (Copi , 1972). Thuss a hand of five cards 1s the genus, and 
the critical attributes differentiate Skeethand from other kinds of hands 
containing five cards. Five, it v/as assurned that all subconcepts of the 
definition were familiar to the subjects and tiat all critical and 
irrelevant attributes v;ere easily identifiable in tiie instances. 

A standard teaching display was used throughout the training phase. 
It consisted of the concept definition, three exai^^ples and tiiree noiiexamples . 
The concept teaching paradign was a result of extending the empirical work 
of Tennyson, et al . (1972), Tennyson (1973), and ilarkle and Tienarm (1972). 
Their research on the effects of different stimulus similarity variables in 
deductive concept teaching situations was incorporated Into the following 
instructional design algorithm: 

!(hen teaching conjunctive concepts: 



ERLC 



Tennyson/Steve 25 

L S2loct K (K reefers to tiie number of critical attributes in tha 
concept definition; f(=3 for both concepts in tfiis investigation), 
such that together theyexinbit the fullest range of irrelevant 
attributes. 

2. Salect K nonexaniples , each having all critical attributes excapt 
one and each lacking a different critical attribute. 

3, Solect the K nonexamples such that ulien each is paired vjich one 
of the K examples, the exafTiple-nonexa?nple pair sliares the san^ 
irrelevant attributes, 

i/hen teaching disjunctive concepts: 

1, Select K exainples, each having only one of the critical attributes, 
and each having a different critical attribute, 

2, Select K nonexamples such that together they exhibit the fullest 
ranga of irrelevant attributes possible, 

3, Select the K nonexainples such that when each is paired with one 
of the K examples, the exampla-nonexample pair shares the 

same irrelevant attrihuttas. 

This algori thfn was folla/ed for the construction of all teaching displays. 

The following is a sample of the si x exaniples and nonexamples used 
for edch of the concepts: 

Gkeethand (conjunctive): 

Exafnples; #12 3 4 5 9 

#2 2 4 5 6 9 

?i#3 2 5 7 8 9 

iJonexamples; j!^4 2 3 3 5 9 

#5 2 3 5 9 10 



Jf6 2 3 4 5 6 



Derf (disjunctive) 



Examples : t aeiou quq 

iJonexamples : at maefou qum 

It v/as also explained to the subjects v^hy each of these six instances was 
classified as an example or nonaxample. An attempt was made to ^^ference 
these explanations as mch as possible to the critical attributes in the 
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concept H-'^finition. Tli3 fonowitig explanations ars rsferanced to th3 
Skeetnand t^^aclnng display above and to tiie S;;eaf:liand ciefinuion: 

Hand H moets all tlia ' requirenientG . 

I'Und H does not neet requirejrent #1. 
(Note the t'/o 3s-) 

Hand noets all the requi refront? . 

Hand #5 does not meet requirement i¥2, 
(Mote the 10.) 

Hand ^^3 meets all tJie requirements- 

Hand ifS does not meet requirement #3, 
(Note the lack of a 9.) 

The next sampla of explanations are referenced to tiie Oerf teacliing 
display above and to the Derf definition; 

The t 13 an example because ft contains no vowels. 

Tiie 'Jt is a nonexample because it does not meet any requlrernent, 

Tiie aeiou is an example because it contains no consonants. 

The naeiou is a nonexample becatise it does not meet any requirement. 

The c{u^ Is an example because it contains two q*s. 

The gum is a nonexample because it does not rieet any requirement. 

It is important to note that the definition and the six instances always 
appeared together on the cathode ray terminal (CRT) screen and tliat the 
explanations were presented separately on the t^creen while the definition 
and instances v/ere visihlo. The complete experimental program was presented 
on CRTs by an Ibit 1500 computer system. 

Experimental Design 

The independent variable involved four conditions 1n the mmoriza- 
tion phase, Tv/o groups nismorized either one or three examples (EX) or one 
or three nonexamples (HEX). Two control groups v/ere used. Members in one 
control group were required to memorize selected subconcepts of the defini- 
tion (DEF), and those in the other fnemorized nothing and vrere passed 
directly to the training phase (MULL). Sex was crossed uith the four 
r.Kimori nation conditions, resulting in a 4 x 2 factorial design. Because 
males participated in experimental sessions at the beginning of the week 
and fSfTiales in the latter part of the week> the sex variable is confounded 
with a tim.^ variable. This sex-time variable was used only as a blocking 
variable in the analyses* and the statistical significance of amounts of 
variarice it accounted for, by itself or in interaction v;ith the treatrant 
variable, was not tested. The significance level of p< .05 v;as used for 
al 1 statistical tests. 
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Tre a t nien t Prog rams 

claci group except the NULL yroup passed through the uTerarization 
p!iase onco for sacli concept, Tiia t>' ,it:X groups nitarnorizad a total oF 
4 instonces; 3 of one concept and 1 of the other. The tosks for those 
groups were to type the exa/Jiple(s} or nonexaniple(s) from mQimry, Zaoi 
tira tiie subject did not answer correctly, he was again shown the QXaiivla(s) 
or nonexanipl<2{5) and asked to type tham again frnm memory. 

The initial randomization procedure determined for which concept 
subjects memorized three instances and for which concept students niamorized 
only one instance, Consequently, subjects were not only randomized to the 
KX or the :iEX groupsi but were also randomized to one of two subgroups 
within these groups (A or B). For example, the EX-A group riemorized one 
oxaiTiple of the Skeethand concept and three examples of the Derf concept. 
Examples c>no nonexample$ were chosen from the first teaching display of 
the training progrojti. Therefore, a full-range of examples and nonexamples 
were y^present^d in the three-instances cases. The one-instance cases v'jare 
randomly selected from the thrGe-instance cases prior to the experiment. 

The DEF group n^emorized a set of key v/ords (major subconcepts) in 
each definition, 1/ords iDemorized in the Skeethand concept were: five, no» 
once, all, 10, 25» and 9, For the Darf concepts the words memorized were; 
letters* pither, no, mora^ and twice. The task for this group was given 
an incomplate definition to type in the missing key words correctly. Each 
time the subject did not respond correctly* he was again showr\ the complete 
concept definition and asked again to type the missing words from memory 
Into an incomplete definition. 

Procedure 

A random number table was used to randomly assign sujjeccs to 
one of the four experir^ntal conditions and Lo a CRT booth, Thay were 
instructed that the program \7as individualized and that they should proceed 
at their own pace until completed. Instructions on how to operate the 
terminals were given on the CRT, Samples of familiar definitions were 
displayed, and it vjas explained how these definitions could be used to 
divide instances into examples and nonexample groups. Subjects were then 
told that this was- their task in the experiment. Subjects v/ere then 
familiarized with what was n^eant by "a nand of cards*" "suit," and "rank*" 
concepts prerequisite to the Skeethand concept. 

At this point, ona concept was randomly assigned. A teaching 
display was presented for one minute. During this time the subject could 
familiarize himself with the concept and six instances. All groups except 
the llUll group then entered the manorization phase. Subjects were looped 
through the memorization phase until they could recall their respective 
definition components with 100% accuracy, 

Tha same teaching display pr^santed in the nemorization phase was 
presented as the first teaching display in the training phase, After 
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studying the display and the six explanations, tlis screen v/as cleared ^nd 
subjects u^re tostsd on four uafar.nliar Instances- If tltey correctly 
Classifiod all four, tiiey v/erFi passed on to tli^ second concopt or to tlia 
testing phase. If they did no!; r^acii the four-for-four criterion* tnay 
v/ere again passed through the training phase vjith a series of displays 
containing the same definition and six new instances and six nev^ explana- 
tions, If any subject failed to reach 100^ criterion on their fourth 
attempt through the training phase for either concept, they v;ere dropped 
from the study and their dats ^vere not analyzed. 

After successfully passing through the riemorization and training 
phasfis for both concepts, subjects in the EX, HEX, and UEF groups were 
shov/n the definition components they had memorised earlier in the program. 
The cX and flEX groups studied four instances. The 0£F group studied the 
two definitions, the words they had nemorized were underlined, Aftc^r thsse 
three groups had studied their respective displays for one minute, they 
vfere administered a posttest designed to assess classification con^petency . 
The :iULL group vras administered the posttest directly after reaching cri- 
terion on the second concept in the training phase. After cofiipletifig the 
posttest, subjects were ushered into an adjoining room. 

Tests 

Training phase test Uens and posttest items were parallel in 
form. All instances used were members of the genus. Therefore, Skeethand 
test items were always made up of five cards and Derf test items always 
v/ere nade up of only letters. Critical in concept acquisition research is 
the array of unfamiliar instances used in training and testing. Just as 
the displays in the training progra'rt were designed to insure full generali- 
zation and proper discrimination, so the unfamiliar test instances were 
developed to assess these skills, 

h i'cask i terns. The selection of each set of four test instances 
in the training phase v/as based on the algorithm that if an instanc3 is an 
example, then include only the minimal number of critical attributes 
necessary; if it fs a nonexample. Include one less than the minimal number 
of critical attributes necessary. In each set of four, an attempt v^as 
made to include the fullest range of irrelevant attributes possible. 

Post test items . Twenty Skeethand and 20 Derf unancountered 
instances made up the posttest. As in the training phase, the task was 

to correctly classify instances as examples or nonexanples , For the 

conjunctive concept (Skeethand) there v;ere 8 examples and 12 nonexamples, 

and for the disjunctive concept (D^^rf) the 20 instances v/ere made up of 

12 examples and 8 nonexamples. Again, a full range of irrelevant attributes 
v/as present. 
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Results 

§ uojl_3cts Failing toDeet: CritGriqn 

In an attempt to find systematic reasons iiJiiy the particular 
seventeen subjects did not meat criterion in the training pliase > nultiple 
Hne^r regression techniques v;erG used as outlined 'oy Cronbach and Snov; 
(1969) 3nd by Sottenburg and Hard (1953). California Tost of Mental 
Maturity [CTri]) scores and aga '.vera coii?fi as continuous vjccors, A 
subject's group membership was represented by four dumny vectors of Is 
and Os, To test for possible Aptitude X Treatment interactions (ATI), 
interaction vectors v^ere constructed batueen group and CTMM score vectors 
and between group and age vectors^ The criterion variable was the dichoto- 
™us variable pass^or-fail from tiie training orograi^i. 

The stepwise procedure for tie testing of nain and interaction 
effects employed here is a modification of tiia Gottenburg and Uard approacii 
(p, 95), The nain effects were examined by creating a full jnodel with 
Groups CTf!r!> and Age main effect vectors as predictors. T;»e significance 
of each variable was tested by foming a reduced model by dropping its 
vector frofn the full model and then testing for trie reduction in the 
multiple correlation. The significance of interaction effects v/as tested 
by alternately adding the CTW X Group vector and the Age X Group vector 
to the full model described above and tiien testing for the increase 1n the 
multiple correlation. The results of these analyses appear in Table 1, 

TABLE 1 



Suirniary of ilultiple Linear Regression 
Analyses with Pass-Fail Criterion 



LffGCt 




« of Variance 


F 


P 


Program 


3,85 


04 


1,39 




CTfU'l 


1,85 


20 


23.75 


<.oao 


Aqe 


1.85 


00 


<1 




CTMH X Group 


1,82 


03 


1,14 




Age X Group 


1,82 


04 


1,64 





Because the scores of those students who failed to meet criterion 
in the training phase were not included in the computation of posttest 
and latency statistics, a selection bias could have been operative in 
comparative group analyses on these variables, Because those subjects 
v/ho v/are dropped had significantly lower scores than the group as a whole, 
results using the successful students are not readily generalizable to the 
oxperim.ental population as a whole. On the other hand> the fact that 
neither the Group nor the Group X CTfM or the Group X Age predictor 
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variabl^ia accounted for significant portions of t\\2 variance supports ths 
contGntion tiiat group comparison tests using t'li^ curtailed data base «ir5 
i nterpre!:t3Jjl^? despits the selection bias. 

Variables 

In this investigation* tha critical dependent variables were: (a) 
correct classification scores* (b) undergenerali2ation error scores* and 
(c) overgeneral I^ation error scores. Ov^rgeneralization scoras refer here 
to the number of iionexai^ples erroneously classed as examples* wliile undar- 
ganeralization scores refer to the number of examples classed as nonaxan^ples- 
In addition* in-task and posttest latencies were collected to assess 
instructional efficiency. An analysis of covariance statistical model vias 
chosen to test the implied null hypothesis. :io significant prior experi- 
rantal differences v;ere found for the covariates of CTIHl scores or iige. 

Learni ng suc cess. On the posttest* mean correct classification 
scores .loiT^ie two types of mean orror scores s-tere analyzed for each con- 
cept separately and then in conbination* resulting in nine separate _F 
tests, tach of these tests resulted in Fs less than unity (see Table 2), 

TASLE 2 

Posttest Classification Score Heans 



ConCtipts 

Conjunctive Oi sjuncti ve Coni)i ned 







0 


U 


C 




0 


U 


C 




0 


U 




20 


12 


8 


2C 




8 


12 


40 




20 


20 


a 


18,6 


.7 


.7 


15. 


J 


3.2 


1.2 


34. 


2 


3.9 


1,9 


NEX 


18, G 


.0 


.6 


15. 


1 


3.4 


1.5 


33. 


7 


4,2 


2.2 


DEF 


19.2 


,4 


.5 


14. 


9 


3.3 


1.8 


34, 


1 


3.6 


2.3 


HULL 


18,9 


,1 


,9 


15. 


5 


3.1 


1.4 


34. 


5 


3,2 


2.3 



These capital letters represent the follov^ing behaviors: 
correct classification* 0 = overgeneral ization * and U = undergeneralization. 
I'iumbers beneath the letters refer to the total score possible for each 
variable. 



Overall correct classification avarages on the posttest were 18-8 (94%) 
for the conjunctive concept and 15.3 (76%) for the disjunctive concept. 
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Tv/o other indicos of learner success within the training progr^ 
wera analysed. Ths r^.e^n oorcantage of subjects Ttiflin^] at least ona tsst 
itGm id tne conjunctiva concept trdirring program \)as 35^ and 45^ in tlio 
disjunctive concept training program. Of those v^ho did fail at least on^ 
item in the training progrofii, the niaan test item number v/here the last 
classification error was made v;as 4,4 for the conjunctive concept and 
6.8 for the disjunctive concept, Ao significant between-group differences 
existed for either variable. 

For the combined posttest scorc-^s, tiie CTIl^l cov<iriat2 result-^d in 
Fs of F = 21.13 < .001) , F = 25,6/ {p < .001) , and F = 2.00 (f) > .05) 
for correct classification, overgsnerali'zation, and un^argenerali^zation 
scores, respectively. CTilM scores correlated positively with correct 
classification scores and negatively with overganeral ization error scores. 
The oga covariate did not account for significant portions of the variance 
in any of these analyses. 

Latencies* ilemori ?ation phas^* latency v/as collected) but analyses 
on gn up'Trieans' were not made. Thn^e latency comparison tests ware made: 
(a) t.'-aining phase latency, (b) posttest phase latt^ncy, and (c) total 
program latency. Analysis of training phase latency nroup niearis resulted 
in a si gni fi cant F test {F = 3,37; dt ^ 3/64; £ < .05) . 

TABLE 3 



Latency tfeans for Training and Testing 
Phases, and Total Program 







Latencies 




Group 


[temorization 
Phase 


Training 
Phase 


Posttest 
Phase 


Total Program 


EX 
f(EX 
DEF 
HULL 


(5.6)3 
(6.3) 
(7.5) 
0) 


(8.6)9.1^ 
(8.9)8.2 
7,S 7.3 
{9.6)9,9 


{5.2)'3.2 
{5.4)5.4 
4.8)4.8 
(5,3)5.3 


(19.4) 20.1 

(20.5) 19.5 
19.9/19,7 

{14,9)15.4 



^Latency times are in minutes. 

Times enclosed in parentheses are unadjusted means; those not 
enclosed are adjusted means, 



A ilewman-Keuls test was used to make pain/ise group comparisons using 
the adjusted group means. The only significant comparision found revealed 
that the ;fULL group took significantly longer in the training program on 
the average than the OEF group (£ < .05). It 1s interesting that the 
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irore tme each group tooJc in the (lamori^ation ph^se , the less time thay 
took to recich criterion in the tmining program phase. 

An analysis of jJosttest pilose latency j,iaan scores rev^al'jd no 
significant differences. A coiTiparision of niean total program latenci^^Sj 
defined as the sum of tlie netnorization » training, and posttest phase 
latencies, r£^sulted in an overall f-^ = 7.44 < -05). A Newnian-Kaul s 
test on the adjCKted group rr^ans revealed that the IJULL group took sig- 
nificantly less tinie to complete the total profirain thr*n did ylLher of 
tha thraa prior ineirori^ation groups, < ,01 for each of the thr:? pair- 
wise tests. There were no differences among the three prior meino ization 
group means on the total program latency variable. 

For the CTt■1^^ covariate, F^s for inclusion vnthin the full model 
for training phase, posttest phase, and total progrt^n ldt£;ncy scores \7ere 
f_ = 28.39 < ,001) , ^ < 1, and F = 24,93 { p < ,001) , respectively, CT:IM 
scores correlated negatively vn th'^training pnase and total program latency 
:cores* For all ^inalysis of covarianco tGSts on laU^ncy means, the age 
covariate did not account for significant portions of the variance* 

COf relations , The in tercorr^lations between CTMM scores, age, 
Posttest* classification scores, and latency scores Vfere calculated {see 
Table 4). 

Oi scussion 

iJo significant differences were found between any group means on 
any variable measuring the type of errors made or number of errors made 
either in the prograin or on the posttest. These results suggest two 
conclusions. First, tliere is ao evidence to suggest that any treatment 
program determined an internal organization of the rule in the learner 
that v:^s systenatically different from that created bv the other three 
treatment programs. Second, these results support the null hypothesis 
that no difference exists in the effectiveness of the four training programs. 
This latter conclusion can be further substantiated when another result is 
considered. That is, ivrten a prediction equation was fonoed predicting 
whether a student would or v/ould Hot reach criterion in the training phase, 
dropping the group vector from tlie equation resulted in no significant loss 
in prediction. 

Because there were no differences among the major success indices 
for the different treatment programs, the instructional efficiency of 
programs needs to be assessed in order to decide the optimality of each 
program. Since the three prior memorization groups attained criterion 
earlier in the training program than the no prior nemorf nation group, it 
appears that prior memorization of either examples, nonexainples, or sub- 
concepts of a definition facilitates the acquisition of correct classifi- 
cation behaviors, llovfever, the amount of time these three groups spent 
in the memorization phase vms considerably rare than the tiine they sub- 
sequently saved in tne training phase* That is, on the average, the 
three prior ramori nation groups spent 6.4 minutes in the memorization 



TADLE 4 



Intercorrelation Matrix 





Posttest^ 




Latency 


1 


CTin Age 


Di sjuncti ve 
Coacept 
Items 


Conjunctive 
Concept 
Items 


Total 
Items 


Training 
Paase 


P0btt2St 

Phase 


Total 
Progratr, 


am Ai 


,48 


,34 


,56 


-.47 


-.05 


-.40 


Age 




.24 


,23 




.03 


-.19 


Disjunctive 

Concept 

Iten:s 




,09 


.89 


-,44 


-.10 


- . 32 


Conjun cti ve 

Con rncit 

wV> i V 

Items 






.53 




17 


1 

i 


Total Items 








-.48 


.01 


-.32 


Training Phase 










,17 


.18 


^osttest Phase 












.12 


Total Program 















Refers to correct classification scores. 
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phase and 6.2 minutes (adjusted) to reach criterion in the training phase, 
winle the no prior memorisation group spent no time in the nieir^ori zation 
phase and took 7.0 minutes (adjusted) to reach criterion in tKe training 
phase. 

Requiring learners to memorize a larger number of examples or 
nonexafTiples or to nieniorize more of the definition than was required in 
this experirant may increment the learners' capability to classify 
unfamiliar Instances. However, any increment in postti^st performance 
would probably not justify in niost educational situations the large 
amount of tirne learners would have to spend memorizing definition com- 
ponents. Thus, if the goal of instruction involves only the correct 
classification capabilities of learners, the results of this investiga- 
tion suggest that prior memorization of definition components is not 
an advisable instructional techniques. 

The consistently high positive correlations between CTIIM scores 
?.nd the posttest indices and the high nuyoitive correlations with training 
program and total program latency measures could have been expected. 
The task in this experiment was largely one of internali:;ing a rule from 
verbal statements and instances and then demonstrating correct rule- 
governed behaviors* As already stated, the learning task was constructed 
So as to be unfamiliar to the subjects while allowing easy identification 
of the critical attributes within the instances. The capabilities needed 
for the subjects to succeed in this experiment were similar to capabilities 
needed to do v/ell in aptitude tests like the CTMM. 

To the extent that the learning requirements in an experimental 
task envi ronment model Uie learning requirements in actual task environ- 
n^nts, ganeral i nation of experimental rest/Its to tJie actual task env^iron- 
mentt is insured. In this study special care v/as taken to insure that the 
simulated experimental environment placed the same types of requirements 
on learners as did concept acquisition tasks germane to the classroom. 
Subjects* success as measured by in-task and posttask indices suggest 
that an effective concept teaching paradigm is available for implementation* 
In cases v/here the critical and/or irrelevant attributes are less familiar 
to the learner or less easily identifiable in instances, tha paradigm intro- 
duced here is as theoretically powerful- Research in testing the v/orthi ness 
of the paradigm in these situations with both concrete and defined concepts 
would appear to be potentially reviarding. 

The correlation between the correct classification concept v^as 
surprisingly lov/ (r - -09), especially considering how much variance these 
scores share with CTIM scores. This low correlation suggests that the 
learning requirements for classification tasks vjith conjunctive concepts 
are functional ly di ff^rent than those inth disjunctive concepts- 
Eighty percent of all students who reached criterion in the training 
phase classified 80;^ or raore of the 40 unfamiliar instances on the post- 
test correctly- However, a feu scores v/ere at the chance level on the 
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posttGst* 5nd 19;; of all subjects failed to meet criterion in the traiinng 
priase, Tiiis latter <}roup could not correctly classify 4 instances affc^r 
seeing tha definition on 5 separate occasions and aftor seeing a total of 
40 in:>tancG5 correctly classified for tliem. The correlation between success 
in the training phase and success on the posttest indices suggest that the 
wide differences in student achleven^ent levels is not simply an experimental 
arti fact. 

Possibly some of the students vWio had problems could hava benefited 
ihOst from a completely different teaching strategy, On the other iiand» 
possibly learning problems could have been identified vjithin the program and 
addressed most profitably in a remedial sequence of instruction, Verbal 
interaction with some of the students ^-jho failed to reach criterion 
revealed that two ^^ajor problems existed, First, the disjunctive rula 
in concept definitions appeared to be unfamiliar to students and difficult 
to use, Second, v/orking with the first two critical attributes in the 
disjunctive concept was difficult because they v;ere stated in the negative. 
Student difficulties with both these things help explain \7hy the disjunctive 
concept task uas so difficult, Itv/ould be expected that both difficulties 
could have been addressed most efficiently in remedial instructional sequen* 
ces. Decisions about the structure and function of such a remedial scheme 
and about t^jhether it should be learner-controlled or program-controlled 
would have to be nade. 

In conclusion, it 1s questionable v/hether all students of junior 
high school age are able to correctly classify nonfamiliar instances in 
accordance vntli standard dictionary definitions vjithout training airred at 
this objective* Including the memorization of definition components prior 
to a training program has questionable merits for instructional efficiency 
reasons. The objective of the training paradigm used in the training phase 
was to produce correct classification behaviors, l/iiile being effective for 
the majority of students, some type of adaptation to learner characteristics 
or to specific learning problems v^ould probably be worthwhile. 
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